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SPECIRCAT10N 

l%ie gold aUoy wire fqr bonding of a Bemloonductor devfoe 

The present invention relates to a fine gold alloy wire having a high tensile strength both at room 
temperature and high temperatures and which Is auitabia for use in wire-bonding a semiconductor 
6 device to a lead frame. ^ 

in fabricating semiconductor devices such as transistors, ICs and LSls, electrodes on a chip are 
connected to external leads gold wires. SemiconductDT devices are typically fabricated by the 
following steps: 

(a) prepare a lead matsHai from a strip of Cu or Cu alloy or Nl or Nl alloy having a thickness of 0.1 to 

10 03 mm; 10 

(b) stamp out a lead frame conforming to the shape of the semiconductor device to be fabricated; 
(ci apply high-purity SI orGe aemTconductoreiamentB to aeiected areasof the ieadframaby 
thermocompression with an deetrically oonducthre resin such as Ag paste or trough a plating of Au, 
Ag, Ni or thair alloy formed on one surfsce of the lead material; 

1 5 (d) connect the semiconductor elements to tiie lead frame by gold wires (this la a bonding step); 1 5 

(e) enclose with a protective plastic padcage the semiconductor elements, gold wires and parts of the 
lead frame to which the semiconductor elements have been borided; 

(f) remove unnecessary parts from tlie lead frame to form discrete leads; and 

(g) apply a soldering material to the legs of the leads to enable connection of the semiconductor device 

20 to the substrate. 20 
In the bonding step (d), the gold wire ia fixed sequentially at ths proper points of the 
semiconductor elemente and the lead frame (kept at 1 50 — 300**C) by a manual or automatic bonding 
machine. That Is, first the gold wire Is heat^ at tte tip with an oxy-hydrogen flams or by electrical 
I means to let It teke the form of a ball which is pressed against the semiconductor, then an extension of 
25 the gold vvire is pressed against a point on the lead frame to be fixed thereon and the vvire is cut to finb^ 25 
the bonding cycle* Then, this cut end becomes the tip serving as a point to be pressed against the next 
bonding point on the semiconductor In the sulsseauent bonding cyde. 

As bonding at higher speed and more highly integrated drcufte are de^red, the use of finer and 
stronger gold wires is necessary. But the currently used wires are made of pure gold which has a relative 
30 low tensile strength at room and high temperaturea and cannot be drawn to a smaller diameter of 30 
0l05 mm or lass vvlthoul acoonripanying freqoert braaka^ of the vi^ire, and e^ 

Into wires that fine, they would often break during the bonding step. What is more, because of the tew 
softening point of pure gold, the cr^tei greins of tiie wire being cut with a flame or by eleotricai means 
recrysteilize to become bigger and brtttie, and when the gold bail is pressed at between 1 BO and 

35 aOO^C, the k>onded wire softena to defmm the wire loop connecting the semiconductor elemente and 35 
lead frame and may cause shorting. The pure gold wire also does not have aatiafacttxy bond strength 
with respect to the semiconductor elemente and lead frame. 

The present Invention eliminates the problems of the conventional pure gold fcionding wire and 
provides (1 ) a gold alloy wire having high tensile strength at atthar room temperature or high 

40 temperature that can be drawn to a diameter as small as 0.05 mm or less and which can be used as a 40 
bonding wire without breaking, and (2) a gold alk>y wire that provides high bond strength and has a 
sufflcientiy high softening point to prevent the formation of brittie coarse crystel grains due to 
recr^tellization and the presence of a deformed loop. The gold alloy wire ( 1 ) is characterized by a 
composition consisting essentially of 0.0003 to 0.01 0 wt56 of at least one rare earth element selected 

45 from the group consisting of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm. Yb, Lu, Sc and Y, the balance 45 
being Au and incldentei impurities. The gold altoy wire (2) Is characterized by a composition consisting 
essentially of 0.O003 to 0.01 0 wt96 of at least one rare earth element of the Cerium Group selected 
from the group consisting of La, Ce, Pr, Nd and Sm, 0.0001 to 0.0060 wt% of at least one element 
selected from among Ge, Be and Ca, the balance iielng Au and inddental impurities. 

50 The criticalhy of the componente of each composition is described below. 50 

(a) Rare earth elemente 

The rare earth elemente are equTvalent to one another in their ability to increa^ the tensile 
strengtii of the wire at either room temperature or high temperature. If their content Is less than 0.003 
wt%, the desired tensile atrength at room and high temperature is not achieved, and if their content 
65 exceeds 0.01 0 vn%, the wire becomes brittle and cannot be smoothly <tawn to a smaller size. 55 
Therefore, In the present invention, the content of the rere eartii elemente Is between 0.0003 and 0.010 

(b) Ge. Be and Ca 

These elemente are equivalent to one another in that when combined with rare earth elemente of 
cerium group, they achieve the following advanteges: they increase the softening point of the wire to 60 
thereby prevem it from becoming brittie during the landing step and prevent the presence of a 
deformed loop; they provide Increased bond strength; and they further enhence the tensile strengtii of 
the wire at room and high temperatures. If the content of these elemente Is less than 0.0001 wt%, their 
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Intended effscts are not achieved, and If their oontent exceeds 0Xi06Q wt%, the wke becomes brfttle 
and cannot be drawn wfthout troublOB to a smaller size, and what Is more, nipture easny occurs at the 
grain boundary when the wire is heated to the bonding temperature. Therafbre, in the present Knvention. 
the content of Ge* Be and Ca ia limited to the range of from 0.0001 to 0.0060 wt%. 

5 EXAMPl^ 5 
Gold alloy melts having the compositions Indicated In Table 1 were prepared by the conventional 
melting method. The mehs were cast Into Ingots wMoh wera rolled with a conventional grooved roll 
mill and drawn to fine wire samples Nos. 1 to 120 of the present Invention having a diameter of 
0.025 mm. The wire aamples were auUeoted to a room temperature tensile test and a hiph temperature 
10 tensile test using the conditions that almuiated the bonding etep (temperature: 2S0^C, dwell time: 30 10 
seconds). The results of each teat are fndlcated In Table 1 . Samples Nos. 57 to 1 20 were used in actuei 
bonding of semiconductor elements to a lead frame, end the bond strength and the presence of e 
deformed wire loop were checked. The results are also Indicated In Table 1 * The same tests were 
conducted on a pure gold wire and the results are ahown In Table 1 fw the purpose of comparison. 
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The data in Tabla 1 shows that the gold alloy wire samples of the present Invention have Qreater 
tensile strength at both room and htgh temperatures than the pure gold wire* and those having Ge, Be or 
Ca heve the eddltionai advantage of signffieantly Inoreesed bond strength end are entirely free from a 
defomied loop. For these advantages, the gold alloy wire of the present invention can be drawn to e 
smaller diameter of 0.05 mm or less and can be used for bonding purposes without breaking. By 
Inclusion of Ge, Be or Ca, the softening point df the wire is further Increased to elfmlnate the chance of 
embrtttlement (due to the fbrmation of ooerae greii^) or occurrence oiF a defomied loop arul achieve a 
high bond strength between semiconductor elements end lead trame. For these edvantages, the present 
Invention Is very useful in achieving faster lionding and producing highfy integrated circuit components. 

CLAIMS 

1 . A fine gold alloy wire for use In die bonding of semiconductor elements characterized l^y having 
high tensile strength and comprising 0.0003 to 0.01 0 wtX of at least one rare earth element selected 
from the group consisting of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb. Oy, Hp, Er, Tm. Yb, Lu, Sc end Y. with the 
balance l:>eing Au and Incidental Impurities. 

2. A fine gold alloy wire for use in the bonding of semiconductor elements characterized by having 
high tensile strength and comprising 0.0003 to 0.010 wt% of at least one rare earth element belonging 
to the Cerium Group selected from the group consisting of La, Ce, Pr, Ne and &m, with the balance 
being Au end incidental Impurities. 

3. A fine gold alloy wire according to Claim 2 which further comprlees, as additional component, 
0.000 1 to 0.0060 yin% of Ge. 

4. A fine gold alioy wire according to Claim 2 which further comprises, as adcBtlonal oomponent 
0.0001 to 0.0060 wt96 of Be. 

5. A fine gold alloy wire according to Claim 2 which further comprises, as additional oomponent 
0.0001 to 0.0060 wt% of Ca. 

6. A fine gold alloy wire acooiding to Claim 3 wherein part of Ge adcfitionally incorporated Is 
replaced by Be. 

7i A fine gold alloy wire according to Claim 3 wherein part of Ge adcfitionady incorporated Is 
raplaced by Ca. 

8. A fine goid alloy wire according to Qaim 4 wherein part of Be additionally incorporated Is 
replaced by Ca. 

9. A fine gold alloy wire according to Oalm 6 wherein part of Be, which has substituted for part of 
Ge additionally Incorporated. Is further replaced by Ca. 

1 0. A fine gold alloy wire as defined in Claim 1 wherein said rere earth element Is La. 

1 1 . A fine gold alloy wire as defined In Claim 1 ^nrfierein said rare earth element te Ce. 

1 2. A fine gold alloy wire as defined in Claim 1 wherein said rere earth element Is Pr. 

1 3. A fine gold alloy wire as defined in Claim 1 wherein said rere earth element Is Nd. 

1 4. A fine gold alloy wire as defined In Claim 1 wherein said rare earth element is Sm. 

1 5. A fine gold alloy wire as defined In Claim 1 wherein said rere earth element is Eu. 

1 6. A fine gold alloy wire as defined In Claim 1 wherein said rare earth element is Gd. 

1 7. A fine gold alloy wire as defined In Claim 1 wherein aald rare earth element is Tb. 

1 8. A fine goid alloy wire as defined In Claim 1 wherein said rare earth element ie Dy. 

1 9. A fine gold alloy wire as defined In Claim 1 wherein said rare earth element la Ho. 

20. A fine gold alloy wire as defined In Claim 1 wherein said rare earth element Is Er. 

2 1 . A fine gold alloy wire as defined In aalm 1 wherein seld rare earth element ia Tm. 

22. A fine gold alloy wire as defined In Claim 1 wherein said rere earth element is Yb. 

23. A fine gold alloy wire as defined in Claim 1 wherein said rere earth element Is Lu. 

24. A fine goid alloy wire as defined In Claim 1 wherein said rere earth element Is Sc. 

25. A fine gold elioy wire as defined in Claim 1 wherein said rare earth element is Y. 

26. A fine gold alloy wire as defined In Claim 1 wherein said rare earth elements ere La and Ce. 

27. A fine gold alloy wire as defined In Claim 1 wherein said rare earth elements ere La and Pr. 

28. A fine gold alloy wire as defined in Cieim 1 wherein said rare earth elements are Nd, Eu, Gd, Tb 
and Ho. 

29. A fine gold alloy wire as defined In Claim 1 wherein aald rare eerth elements are Ho, Yb, Lu 
and Sc. 

30. A fine gold alloy wire as defined in Cieim 1 wherein said rare earth elements are Ce, Pr, Sm, 
Dy, Tm, Yb and Lu. 



Eu. 



31 . A fine gold alloy wire as defined in Claim 1 wherein said rare earth elements are Pr, Sm and 



32. A fine gold alloy wire as defined in Claim 1 wherein eald rere earth elements are La, Nd, Tb. 
60 Dy,ErandTm. 

^ 33. A fine gold alloy wHre as defined In Claim 1 wherein said rare earth elements are Ce. Pr, Sc and 

34. A fine gold alloy wire as defined In Claim 2 wherein said Cerium Group element is La and the 
eddltionai component In coexistence therewith is Ge. 
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35. A fine gold alloy wire as defined In Claim 2 wherein said Cerium Group element Is Ls and the 
additions^ component In coexlstsnce therewith Be. 

36. A line gold allcyy wire as defined In Claim 2 wherein aald Cerium Group element Is La and the 
additional component In coexistence la Ca. 

B 37. A fine gold alloy wire as defined In Claim 2 wherein said Cerium Group element fs Ce and the 5 

additional eomponent in coexistence therewith Is Ge. 

38. A fine gold alloy wire as defined In Claim 2 wherein said Cerium Group element fa Co and the 
additional component In coexistence therewith Is Be. 

39. A fine gold alloy wire as defined In Claim 2 wherein safd Cerium Group element is Ce and the 

10 additional component In ooexlatence therewith is Ca. 10 

40. A fine gold alloy wire as defined In Claim 2 wherein said Cerium Group element fs Pr and the 
additional component In coexistence therewith Is Ge« 

41 . A fine gold alloy wire as defined In Claim 2 wherein said Cerium Group element Is Pr and the 
addKlonat component in ooexlstenoe therewith Is Be. 

15 42* A fine gold alloy wire as defined In Dalm 2 wherein said Cerium Group element is Pr and the 16 

additional component In coexistence therewith Is Ca. 

43. A fine gold alloy wire as defined in aalm 2 wtierein said Cerium Group element Is Nd and the 
additional component In coexistence there^th fs Ge. 

44. A fine gold alloy wire as defined In Claim 2 wherein safd Cenum Group eiement is Nd and the 

20 additional component In coexistence therewith la Be. 20 
46. A fine gold alloy wire as defined in Claim 2 wherein said Cerium Group element Is Nd and the 
addMonal component In coexistence therewith is Ca. 

46. A fine gold alloy wire as defined In Claim 2 wherein safd Cerium Group element Is Sm and the 
additional component In ooexlstenoe therewith Is Ge. 
2B 47, A fine gold alloy wire as defined In Claim 2 wherein said Cerium Group element Is Sm and the 26 

additional component in coexistence tfierewith Is Be. 

48. A fine gokl alloy wire as defined fn Claim 2 wfierein said Cerium Group element is Sm and the 
addMonai component in coexistenoe tirerewith Is Ca. 

49. Aflne gold alloy wire as defined fn Claim 6 wherein aald Cerium Group element is La and the 

30 additional component in coexistenoe therewith are Ge and Be. 30 

50. A fine gold alloy v^re as defined in Claim 2 wherein safd Cerium Group dement are La and Ce, 
and the additional component In ooesdstance tfierewith Is Ca. 

6 1 . A fine gold alloy wire as defined ki Claim 8 wherein aald Cerium Group elements are Pr and 
Sm. and the acUftional components In coexistence therewith are Be and Ca. 
35 52. A fine gold alloy wire as defined In Claim 9 wherein safd Cerium Group elements are La, Pr and 36 

Sm, and the additional components In co^cistence therewith are Ge, Be end Ca. 

53. A fine gold alloy wire as defined in Claim 7 wherein said Cerium Group element Is Ce and the 
additional components In coexistence therewith are Ge and Ca. 

54. A fine gold.alloy wire as defined in aalm 6 wherein said Cerium Group elements are Ce and 

40 Nd, and the adJtionat components In coexistence therewith are Ga and Be. 40 
66. A fine gold alloy wire as defined in Claim 7 wherein said Cerium Group element fs La and the 
addltional components in coexisteruse therewith are Ge and Ca. 

56. A fine gold alloy wire as defined In Claim 9 wtierein said Cerium Group elements are La, Ce, Pr 
end Sm, and the additional components in coexistence therewith are Ge, Be end Ca. 
45 57. A fine gold alloy wire as defined In Claim 9 wherein aald Cerium Group elements ere La« Ce, Pr. 45 

Nd and Sm, and the additional components In coexistence therewith are Qe, Be and Ca. 

58. A fine gold wire as claimed In Cleim 1 or Claim 2, aubstantlaily as hereinbefore described 
with particular reference to the Examples. 

59. A fine gold alloy wire as claimed In Daim 1 or Claim 2, aubstantiaiiy aa Illustrated in any one 

60 of the Examples. 60 

MiMd far Her MqfBtt/i Statfonsiy Oflin fay «w Courfor Pntm, Lmbietan Sga, 1S83. PubtoM liy the Pattnt OSm. 
28 Souriwnptan BuOdlnoi, London, WCIA 1AY, from wMoh Mptao may I19 obtained. 



